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The phenology of Protea neriifolia cultivated in the eastern Transvaal highlands (summer rainfall area) was studied. 
Shoot growth occurred from July to February and flowering extended fromJanuary to July. There were no seasonal 
patterns in litter production or decomposition. Shoot growth and flowering occurred several months earlier than in 
plants in their natural habitat in the south-western Cape. The results are discussed in terms of a current model 
describing the growth of mediterranean heath land plants on highly leached nutrient poor soils. Pruning procedures 
to maximize lateral shoot and flower production for commercial exploitation are recommended. 
Die fenologie van Protea neriifolia wat in die Oos-Transvaalse hoeveld (somerreenval-gebied) verbou word, is bestu-
deer. Lote het gegroei vanaf Julie tot Februarie, en die blomperiode het gestrek vanaf Januarie tot Julie. Daar was 
geen seisoenale patroon van afvalproduksie of ontbinding nie. Lootgroei en blom het etlike maande vroeer plaasge-
vind as in plante in hulle natuurlike habitat in die Suidwes-Kaap. Die resultate word bespreek in die lig van 'n kontem-
pon3re model wat die groei van mediterreense heide-plantegroei op 'n hoogs-uitgeloogde substraat wat arm aan 
voedingstowwe is beskryf. Snoeimetodes vir maksimale produksie van laterale lote en kommersiele snyblomme 
word aanbeveel. 
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Introduction 
The recent growth in the protea cut-flower industry has led 
to the commercial cultivation of protea plants, frequently in 
areas outside their natural distribution. In order to cultivate 
proteas successfully an understanding of their seasonal 
growth pattern is required. This is particularly important if 
the bushes are grown under climatic conditions different 
from their natural habitat, for example, the cultivation of 
proteas from the south-western Cape (winter rainfall) in 
the eastern Transvaal (summer rainfall). 
Data on the phenology of fynbos species, including 
members of the Proteaceae, have been collected from the 
south-western Cape (Kruger 1981), through the southern 
Cape (Bond 1980), to the south-eastern Cape (Pierce & 
Cowling 1984a) . Specht et al. (1981) and Specht et al. 
(1983) have developed a model to explain patterns of 
seasonal growth and litter fall in mediterranean-type eco-
systems. They differentiate between shrublands on mode-
rately leached, relatively fertile soils and heathlands on 
strongly leached, nutrient-poor soils. Nutrient availability 
is suggested to be an important determinant of pheno-
phase, particularly in heathlands. 
Much South African fynbos falls within the heathland 
category and members of the Proteaceae are important 
components of the heathland overstorey. An alternative 
model, in which temperature and soil moisture are sugges-
ted as the principle determinants of heath land phenophase, 
has been proposed by Kummerow (1983). 
This paper reports the results of studies on the shoot ex-
tension growth and flowering of Pro tea neriifolia cultivated 
in the eastern Transvaal highlands. The results are compar-
ed with data for P. neriifolia growing in its natural habitat 
(south-western Cape) and are interpreted in terms of cur-
rent phenophase models. 
Materials and Methods 
Study area 
Mount Sheba Nature Reserve, Pilgrims Rest (24°58'S , 
300 42'E) lies on the eastern slopes of the Drakensberg 
Mountains at an elevation of 1800 m. Mean annual rainfall 
for the past 16 years is 1070 mm, 52% of which falls during 
the summer months of December, January and February. 
Mean annual minimum and maximum temperatures mea-
sured at a height of 2 mare 5,SOC and 19,9°C re-
spectively. Ground frosts occur commonly from April to 
July. Monthly rainfall and mean temperatures for the study 
period (July 1984 to June 1985) are shown in Figure 1. 
Geologically, the area consists of three igneous rock for-
mations with the overlying soil strata of the Timeball 
Quartz Series of the Transvaal System. These constitute 
bands of quartzite separated by shales and lavas, typical of 
the Pretoria Formation . Deeper soils are dystrophic lata-
sols of the Inanda Series. These are characterized by a 
humic A-horizon and B-horizon of moderate (30-40%) 
clay content (Schackleton & Walker 1985). Soils are well 
drained and highly leached . The nutrient status of the soil is 
shown in Table 1. 
Cultivation 
Proteas are cultivated on the mountain slopes in contoured 
rows which are 1 m wide and 5 m apart. The rows run at a 
2° gradient along the slopes and are cultivated to a depth 
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Figure I Mean monthly temperatures (-) and monthly rainfall (his-
togram) for the study period July 1984 to June 1985 at Mount Sheba 
Nature Reserve. 
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Table 1 Nutrient content of the soils of the Mount Sheba Nature Reserve study site. Values are the means (± one 
standard deviation) of 30 replicates taken over 2,5 years. Samples were cored (200-mm depth), coned and quartered, and 
analysed within 36 h. For all elements (excluding nitrogen) NH4EDTA was used as the extractant and AMBle 1 procedures 
were followed. For available N, 0,1 N K2S04 was the extractant and total N was determined using standard micro-kjeldahl 
techniques 
Available Available Total 
pH Na K Ca Mg C.E.C. P N N 
(H2O) (me 100 g-I) (me 100 g -I) (me 100 g -I) (me 100 g -I) (me 100 g -I) (ppm) (ppm) (%) 
4,85 + 0,24 0,05 + 0,Q3 0,20 ± 0,10 0,31 ± 0,18 0,13 ± 0,05 0,69 ± 0,29 10,3 ± 4,9 27,2 ± 15,7 0,14 ± 0,03 
of 0,5 m. Planting of nursery-grown seedlings, to a depth of 
0,3 m and 1 m apart, is done in November after the spring 
rains. Three months after planting, a 1-m wide 5-JLm thick 
strip of black plastic mulch (Gunmulch) is laid along the 
line, slit longitudinally, and placed on the ground around 
the young plants. The plastic is covered with approximately 
25 mm loose soil and rocks to prevent deterioration by sun-
light. Mulching serves to reduce soil moisture loss d~~ng 
the winter months and it also reduces weed competItion. 
There is no irrigation. 
Plantation maintenance includes the mowing of grass be-
tween lines, removal of dead branches and dead and 
damaged flowers, pruning and mechanical weed control. 
Orchards are sprayed monthly to reduce pest and pathogen 
incidence. 
Growth measurements 
Ten 5-year-old P. neriifolia cv. Kouga plants were studied. 
On each, ten apical shoots (termed primary shoots here) 
were tagged at the most recent transition area between 
the previous and latest growth flush. Tagging was done in 
July when new growth is usually initiated. Each month, 
shoot lengths (from tag to apex) were measured. Lateral 
shoots, produced from primary shoots, were tagged on bud 
sprouting and the same measurements performed. Also, a 
monthly record of the vegetativelfloral status of the 
shoots was kept. When blooms were regarded as being suf-
ficiently developed for commercial harvest they were cut. 
Damaged flowers were also removed. Lateral shoots pro-
duced subsequent to bloom harvest were tagged and mea-
sured as above. Monthly growth increments were calcu-
lated by subtracting the shoot length at the previous 
measurement date from the current shoot length. Shoots 
that remained vegetative throughout the study period 
were analysed separately from those that became 
floral. 
Litter production and decomposition 
Litter traps large enough to collect the entire litter fall from 
a plant were erected under nine plants. Every 2 months 
traps were cleared of all litter and total litter produced for 
the period was recorded. 
Every month, fresh litter of known weight was placed 
into black litter bags (100 x 150 mm with a 2-mm mesh size) 
and three bags were placed beneath plants in the field. The 
bags were left in the field for 3 months after which litter was 
reweighed. Mean monthly decomposition rates were calcu-
lated as follows: total decomposition over the 3-month 
period was aportioned equally to each month. As new litter 
bags were placed in the field every month, three decom-
position values were obtained for each month. The mean of 
these was taken as the monthly decomposition rate. 
Data sets were subjected to one-way analysis of variance 
and, where appropriate, minimum significant differences 
(MSD) were calculated (Sokal & Rohlf 1981). 
Results 
Growth and reproduction 
Of the primary shoots initially tagged, 28% remained vege-
tative, 67% became floral and the remaining 5% died. The 
mean annual growth of primary shoots that remained vege-
tative was 179 ± 35 mm, and that of shoots that became 
reproductive as 173 ± 18 mm. Of the 322 lateral shoots pro-
duced on the 100 primary shoots initially tagged, 61 were on 
primary shoots that remained vegetative, 82 were produced 
on reproductive shoots prior to the harvesting of the flower 
and 179 were produced on reproductive shoots after the 
bloom had been removed . The mean extension growth of 
the lateral shoots from the time of bud sprouting to the ter-
mination of the study was 150 ± 25 mm. Although exten-
sion growth of the lateral shoots was slightly less than that 
of the primary shoots, because of the greater number of 
laterals produced, total growth from the lateral shoots (322 
x 150 mm) was more than twice that from primary shoots 
(28 x 179 mm + 67 x 173 mm). 
Peak vegetative growth (primary and lateral shoots) 
occurred in September (early Spring) with summer growth 
rates being only slightly higher than autumn or winter 
(Figure 2). Flowering occurred from January to July wi~h 
the maximum yield of commercially harvestable flowers In 
April and May (Figure 2). The large standard deviations of 
bloom yield were as a result of the plants being young (5 
years old) so that not all of them produced flowers through-
out the season. 
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Figure 2 Monthly mean extension growth of primary and lateral 
shoots combined (-) and mean number of blooms harvested per 
bush (histogram). The minimum significant difference (P "" 0,05) for 
shoot growth is given by the isolated bar. Values that differ by more 
than the MSD are significantly different at P "" 0,05. The vertical bars 
on the histogram represent one standard deviation. 
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Extension growth of both primary shoots that remained 
vegetative and shoots that became reproductive showed 
peak growth in September (Figure 3). Shoots that became 
reproductive had higher initial growth rates than those that 
remained vegetative but the vegetative shoots continued to 
grow during the flowering period. 
Of all the lateral shoots that sprouted during the study 
period, 56% were produced on reproductive primary 
shoots following the harvesting of the bloom. This growth 
pattern is probably a consequence of the breaking of apical 
dominance . These laterals continued to grow through 
autumn and early winter, contributing substantially to total 
vegetative growth during this period. The sprouting of late-
ral buds on vegetative primary shoots and on reproductive 
shoots prior to bloom harvest was very variable and showed 
no seasonal patterns except for low rates during the peak 
flowering periods (Figure 4a). These laterals showed two 
distinct growth flushes in spring and in summer (Figure 4b). 
The growth peaks of the laterals sprouting on reproductive 
shoots prior to bloom harvest occurred 1 month earlier than 
the growth peaks of laterals on vegetative shoots. This early 
growth of laterals that sprouted on primary shoots that sub-
sequently became reproductive was apparent in the spring 
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Figure 3 Monthly mean extension growth of primary shoots that 
remained vegetative (-) or became reproductive (---). The vertical 
bar represents the minimum significant difference (P ~ 0,05) . 
..... 
0 (a) 0 
~ 
V> 
"... 
c 
1 
.§ 
Cl. 
Q:; D,6 
Cl. 
"0 
<I.J 
~ 0,6 
e HSD 
Cl. 
V> 
"§ O,L. 
~ 
.3 
a 0,2 
Q:; 
.0 
E 
1 ::> 
.-:= 
J A S 0 N 0 J M A M 
1964-1985 
S.-Afr. Tydskr. Plantk. , 1988, 54(5) 
growth flush even though flower buds had not yet visibly 
set. 
Litter production and decomposition 
Highest values of litter loss were recorded in summer and 
lowest in autumn (Figure 5) but the seasonal variation was 
not significant. Similarly, the initial rate of litter de-
composition (Figure 5) showed no significant seasonal 
trends. 
Discussion 
In the phenological model developed by Specht et al. 
(1981) and Specht et al. (1983) nutrient availability is con-
sidered to be the major determinant of shoot development 
in mediterranean-type heath lands on strongly leached, nu-
trient-poor soils. Shoot growth in heathland overstorey 
species occurs in late spring-summer at the expense of nu-
trients released from decomposing litter in spring. Leaf 
drop coincides with shoot growth. The overstorey species 
of mediterranean shrub lands growing on moderately 
leached, relatively fertile soils, are not subject to severe 
nutrient limitation and shoot growth occurs in spring, prior 
to leaf fall in the dry summer. 
Phenological studies of Pro tea neriifolia, a heathland 
overstorey species, in its natural habitat have shown shoot 
growth in late spring-early summer (November-Decem-
ber) and peak flowering in autumn-early winter (Mostert et 
al. 1980; Kruger 1981; Pierce 1984). When this species was 
grown in the summer rainfall area of the eastern Transvaal 
highlands there was a marked shift in these phenophases. 
Shoot growth peaked in late winter-early spring (August-
October) and flowering in late summer-autumn (March-
June) (Figure 2). Given the earlier shoot growth, the earlier 
flowering is not surprising: inflorescences are terminal and 
so flowering will follow shoot growth . Litter fall showed no 
marked seasonal trends (Figure 5) and there was no coinci-
dence of a peak in litter fall with shoot growth. This is in 
marked contrast to the summer peak in litter production by 
P. repens growing in both a wet and dry site in the south-
western Cape (Mitchell & Coley 1987). 
The relationship between flowering and vegetative 
growth is interesting. The initial vegetative extension 
growth of primary shoots that became floral was greater 
than that of shoots that remained vegetative, and, although 
maximum growth rates occurred in the same month, shoots 
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Figure 4 (a) The mean number of lateral shoots per primary shoot that sprouted each month , from primary shoots that remained vegetative (-) 
and from reproductive primary shoots prior to the harvest of the flower (---). The vertical bar represents the minimum significant difference 
(P ~ 0,05). (b) Mean monthly extension growth of lateral shoots produced from primary shoots that remained vegetative (-) and from 
reproductive primary shoots prior to the harvest of the flower (---). The vertical bar represents the minimum significant difference (P ~ 0,05). 
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Figure 5 Mean litter production per bush (histogram) and mean 
monthly litter decomposition rates (-). Vertical bars represent one 
standard deviation on each side of the mean. There were no signifi-
cant seasonal effects in either litter production or decomposition 
(P ,,; 0,05). 
that became reproductive reached high growth rates 1 
month prior to shoots that remained vegetative (Figure 3). 
Furthermore, the laterals borne on shoots that became re-
productive showed a peak in growth rate 1 month prior to 
laterals borne on shoots remaining vegetative (Figure 4b). 
This difference in timing between reproductive and vege-
tative shoots was apparent as early as August-September, 
before the visible set of flower buds in late October--early 
November. This implies that the flowering signal was re-
ceived and acted upon very early in the growing season, and 
that it affected vegetative growth that occurred prior to 
flower bud initiation. 
The shift in phenophase of P. neriifolia observed in this 
study compared to its natural habitat is what would be pre-
dicted by Specht's model if the species was grown in a 
moderately leached soil with no nutrient limitation. How-
ever, the Mount Sheba soils are highly leached. A compari-
son of Table 1 with nutrient data presented by Specht & 
Moll (1983) and Pierce & Cowling (1984a, b), and criteria 
proposed in Day (1983) shows the Mount Sheba soils to be 
as nutrient poor as strongly leached heathland soils [with 
the possible exception of total N, which , at 0,14% is mar-
ginally higher than the 0,12% proposed by Day (1983) as 
the upper limit of nutrient-poor heathland soils]. Two 
Pro tea species occur naturally in the Mount Sheba area, P. 
roupelliae and P. caffra. Although shoot growth occurs 
throughout the year in P. roupelliae, both species show a 
peak during spring (September to November, unpublished 
observations). This is the phenological pattern predicted by 
Specht's model for species growing on strongly leached, 
nutrient-poor soils. It would appear that the shift in pheno-
phase observed in growing P. neriifolia in the eastern 
Transvaal highlands was not a response to higher nutrient 
availability. However, it is implicitly assumed in Specht's 
model that growth is at the expense of concurrently absor-
bed and utilized nutrients and the possibility of the utiliza-
tion of previously absorbed and stored nutrients is ignored. 
At present there are no data on the timing of nutrient 
absorption by roots, although the initial rate of litter de-
composition (when the soluble nutrients may be expected 
to be released) shows little temporal variation (Figure 5). A 
similar lack of seasonal effect on decomposition of P. 
repens litter in the south-western Cape has been demon-
strated (Mitchell & Coley 1987). Although the model of 
Specht et al. (1983) may be applicable to evergreen sclero-
phyllous shrubs growing in mediterranean climates, it 
cannot explain the observed shift in phenophases when P. 
neriifolia is grown on nutrient-poor soils in a summer 
rainfall area. 
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Without comparative data on soil moisture contents and 
air temperatures at the Mount Sheba site and the natural 
habitat of P. neriifolia, it is not possible to assess whether a 
model based on that proposed by Kummerow (1983) could 
explain the observed phenophase shift. Although the early 
spring growth occurred at the end of the dry season, the 
plastic mulch does retain soil water, and soil water may not 
have been a limiting factor. 
It is not possible from the data available to pinpoint the 
phenophase determinants of P. neriifolia growing in a 
summer rainfall area . However, possible advantages of the 
late winter--early spring shoot growth can be suggested. It is 
not known at what stage of development leaves of P. nerii-
folia start to transpire and photosynthesize. If early shoot 
growth does not have a high water cost , early shoot growth 
in a summer rainfall area results in a full complement of 
photosynthesizing tissue when air temperatures and soil 
water conditions become suitable for rapid photosynthesis. 
Additionally, early shoot growth will result in the comple-
tion of a disease-vulnerable growth phase before the onset 
of the wet period with the associated increase in the inci-
dence of pathogens . 
These data have important horticultural implications as a 
knowledge of cultivated protea phenophases can be em-
ployed in improving bush productivity. Sixty-seven percent 
of the primary shoots initially tagged produced a flower and 
were cut. Not only does this harvesting remove the primary 
shoot but also all laterals produced from it. It is these late-
rals that bear the following season's flowers. This could re-
duce bloom production by cultivated P. neriifolia . Flower 
harvest does, however, induce further production of lateral 
shoots by the breaking of apical dominance. The harvesting 
of flowers may then be regarded as the first stage of prun-
ing. This should be followed by a second pruning of dead 
and diseased vegetative and floral shoots immediately at 
the end of the reproductive cycle viz. July (Figure 2) to en-
courage a further lateral shoot production. This second 
pruning must be completed by the end of July to take maxi-
mum advantage of the growth period beginning late July-
early August (Figure 3). During this period the lateral 
shoots will grow, become primary and produce flowers. 
This is in agreement with Brits et al. (1986) who suggest that 
this second pruning operation should be completed before 
new vegetative shoots have grown too much. Controlled 
pruning in this manner, taking advantage of all growth 
periods, could increase cut-flower yields and the produc-
tive life of cultivated protea plants in summer rainfall areas. 
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